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AIRCRAFT PROPULSION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit from
priority British Patent Application No. 1814255.4 filed 3
Sep. 2018 the entire contents of each of which are incorpo-
rated herein.

BACKGROUND

Technical Field

The present disclosure concerns a propulsion system for
an aircraft.

Description of the Related Art

Vertical Take-Off and Landing (VTOL) aircraft have been
proposed, which seek to be able to both take-off and land
vertically. One known method for VTOL operation is to
provide one or more vertically oriented ducted fans. One
specific example is the Ryan XV-5 Vertifan, which used
vertically oriented fans provided within each wing, with a
further fan provided in a forward end of the fuselage, to
provide vertical lift during take-off and landing. These fans
would be covered by acrodynamic fairings during cruising
flight to reduce drag.

However, in order for such arrangements to be commer-
cially viable, the lift devices must be power dense (both in
terms of volume and weight) to minimise drag and weight,
in order to maximise range and minimise operating cost. The
fans must also be highly efficient. Noise (both during hover
and cruise flight) is also an issue. Consequently, the present
invention provides a vertical lift fan aircraft which seeks to
address some or all of these problems.

SUMMARY

According to a first aspect there is provided an aircraft
propulsion system comprising:

a vertical lift propulsor mounted within a wing of the
aircraft;

wherein the vertical propulsor comprises an electric motor
comprising a rotor mounted to a plurality of propulsor
blades, the motor further comprising a stator; and wherein
the rotor is provided radially outwardly of the stator.

Advantageously, the electric motor can be provided in the
same plane as the rotor blades of the vertical lift propulsor.
Consequently, the axial length of the vertical lift propulsion
system is minimised, thereby allowing the vertical lift pro-
pulsion system to fit within the thickness of the wing.
Consequently, drag is minimised, and an efficient, thin wing
aerofoil can be provided.

The motor may comprise a permanent magnet motor in
which the rotor comprises a plurality of permanent magnets.

The propulsion system may comprise one or more struts
which each extend between the wing and the electric motor
stator.

The stator may be liquid cooled. The struts may comprise
liquid cooling channels which may communicate with liquid
cooling channels of the stator. Advantageously, the struts
provide both structural support for the stator and cooling for
the stator windings. Consequently, weight is reduced, as
additional liquid to air heat exchangers need not be pro-
vided. Furthermore, the hub diameter may be reduced in

10

15

20

25

30

35

40

45

50

55

60

65

2

view of the increased cooling and reduced requirement for
stator mounted heat exchangers, thereby increasing the
airflow for a given fan diameter, and so reducing the overall
size of the propulsion system.

The struts may be located downstream of the propulsor
blades. Advantageously, the struts reduce exit swirl, and so
increase fan efficiency. Consequently, the struts provide two
or in some cases three separate functions.

Optionally, struts may be located upstream of the propul-
sor blades.

The propulsor blades may be mounted to the electric
motor rotor by an annular disc. The rotor permanent magnets
may be mounted to a radially inner side of the annular disc.
Advantageously, the rotor permanent magnets are held in
place against the annular disc by centrifugal force. Conse-
quently, a small air gap can be provided between the stator
and rotor, thereby increasing electric motor efficiency and
power density.

The propulsion system may comprise a central static
bearing mount, which may extend through a centre of the
stator, between an axially forward face and an axially
rearward face of the stator. The central static bearing mount
may mount a bearing. The propulsion system may comprise
a radially extending web which extends between the motor
rotor and the bearing. Advantageously, the motor rotor is
supported by a bearing provided radially inwardly of the
rotor. Consequently, the size and circumferential speed of
the bearing is reduced, thereby reducing wear, increasing
efficiency, and reducing size.

Propulsion system may comprise a forward web extend-
ing between the motor rotor and the bearing at an upstream
side of the stator, and a rearward web extending between the
motor rotor and the bearing at a downstream side of the
stator.

The bearing mount may comprise a liquid cooling channel
in fluid communication with liquid cooling channels of one
or more radially extending web. The or each radially extend-
ing web may comprise a coolant nozzle configured to
provide coolant to one or more stator coil. Advantageously,
liquid coolant (such as oil) can be provided to the stators by
centrifugal force provided by the spinning radially extending
web. This coolant can optional then be passed to the
structural supports for cooling, before returning to the bear-
ing mount for reuse. Consequently, a full pumped cooling/
oil system is provided, which provide cooling and/or lubri-
cation to the bearings and stators without the need for
additional pumps, radiators or channels.

According to a second aspect, there is provided an aircraft
comprising a propulsion system in accordance with the first
aspect mounted within a wing of the aircraft.

The skilled person will appreciate that except where
mutually exclusive, a feature described in relation to any one
of'the above aspects may be applied mutatis mutandis to any
other aspect. Furthermore except where mutually exclusive
any feature described herein may be applied to any aspect
and/or combined with any other feature described herein.

DESCRIPTION OF THE DRAWINGS

Embodiments will now be described by way of example
only, with reference to the Figures, in which:

FIG. 1. is a plan view of an aircraft;

FIG. 2 is a sectional side view of a propulsion system of
the aircraft of FIG. 1;

FIG. 3 is a similar view to FIG. 2, showing coolant flows
through the propulsion system; and
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FIG. 4 is a plan view of the propulsion system of FIGS.
2 and 3.

DETAILED DESCRIPTION

With reference to FIG. 1, an aircraft 10 is shown. The
aircraft 10 comprises a fuselage 12 having a nose 14 and a
tail 16. An aircraft centreline A runs from the tail 16 to the
noise 14. The aircraft 10 has wings 13, to which a propulsion
system is mounted.

The propulsion system optionally comprises separate lift
20 and cruise 18 systems. The cruise system comprise a pair
of horizontally mounted propulsors in the form of propellers
18, which have rotational axes parallel to the aircraft cen-
treline A. A propeller 18 is mounted to each wing 13, to
provide thrust in a forward direction X.

The lift system 20 is shown in further detail in FIGS. 2
and 3. The lift system comprises a pair of vertical propulsors
comprising vertically orientated wing mounted fans 22. In
the present embodiment, a pair of fans 22 is provided, with
each being provided on a respective wing 13, either side of
the centreline A. each fan 22 is provided within an aperture
36 which extends through the wing 13, from an upper
surface 38 to a lower surface 40. The fan 22 is arranged to
rotate about a vertical axis Z such that, in use, the fan 22
provides propulsive thrust in a downward direction B when
the aircraft is in level flight or on level ground. Conse-
quently, the downward direction B also defines a down-
stream direction parallel to the downward direction, and an
upstream direction opposite to the downstream direction B.

The fan 22 comprises a plurality of blades 24, which are
each attached to a generally propulsor rotor disc in the form
of annular ring 26. The ring 26 is in turn mounted to a rotor
28 of an electric motor 30. The electric motor 30 is in the
form of a permanent magnet AC motor, and so comprises
permanent magnets 59 mounted to a radially inner side of
the ring 26, which rotate with the rotor 28. The motor 30
further comprises a stator 32 comprising a plurality of stator
windings 57, which are separated from the rotor 28 by an air
gap 56. In use, each winding 57 is energised by electrical
current provided by cables 60, which pass through the struts
to the windings 57 to produce a magnetic field. This mag-
netic field interacts with the magnetic field produced by the
permanent magnets 59 to produce torque, which turns the
fan blades 24 to produce thrust.

As can be seen in FIGS. 2 and 3, the stator 32 is mounted
radially inward of the rotor 28. Consequently, each of the
stator 32, rotor 28 and fan 22 can be provided in the same
plane, and consequently, the fan arrangement is axially
short. This is important for several reasons. Firstly, if the fan
arrangement where to have a longer length, at least part of
the fan arrangement would project either above the wing
upper surface 38, or below the wing lower surface 30 in
cruise. This would interfere with the efficient production of
lift by the wing, and thereby increase drag and/or require a
greater wing area. Consequently, the aircraft would be less
efficient. Secondly, the motor would require a longer shaft,
which may be heavier, and required heavier structure to
mount the bearing. Furthermore, it has been found that the
radially inner part of the fan provides relatively little thrust
at a given fan rotational speed. Consequently, increasing the
diameter of the hub has relatively little effect on the mass
flow of air through the fan for a given fan outer diameter and
fan rotational speed, and so a larger diameter motor is
preferable to a longer axial length motor.

The stator 32 is mounted to the aircraft by a plurality of
structural struts 34. Each of the struts 34 is provided
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4

downstream of (i.e. below) the fan 22, and is aerodynami-
cally profiled to straighten fan flow. Consequently, each strut
34 acts as an outlet guide vane (OGV), thereby increasing
propulsive efficiency of the fan 34. Two of the struts may
comprise an extension of the main wing spar 54. In some
cases, the struts 34 may be tilt-able, to adjust their angle of
attack relative to the flow from the upstream fans 22, i.e.
they may be variable pitch.

Each strut 34 extends between the wing 13 to a central
static bearing mount 42. The bearing mount 42 comprises an
elongate member, which extends from a downstream, lower
face of the stator 32, through a central passage of the stator,
to an upstream, upper face of the stator 32. The stator 32 is
mounted to the central static bearing mount 42, to provide
structural support and to prevent rotation of the stator 32.

The central static bearing mount 42 also mounts upper
and lower main bearings 44, 46. The main bearings 44, 46
provide rotational support for the motor rotor 28 via upper
and lower webs 48, 50. The webs 48, 50 extend between the
rotor 28 and the upper and lower bearings 44, 46 respec-
tively, around the stator 32. Consequently, the rotor bearings
44, 46 are provided relatively radially inwardly, at a small
diameter, and so rotate relatively slowly compared to the
rotational speed of the rotor 28. This may reduce bearing
wear, and also reduces the size (and so weight) of the
bearings 44, 46. An acrodynamic fairing 52 covers at least
the upper webs 48, and may rotate with the rotor 28. The
bearing arrangement is also relatively stiff, since bearings
44, 46 are provided at both the upper and lower ends of the
rotor 28. Consequently, a relatively small air gap 56 can be
maintained, thereby improving rotor efficiency and power
density.

The wvertical lift system further comprises a cooling/
lubrication system, shown in detail in FIG. 4. The system
comprises channels in the form of coolant passages (shown
as dotted lines 58) which extend through the struts 34,
bearing mount 42, front and rear main bearings 44, 46 and
webs 48, 50. The flow through the coolant passages 58 is as
follows. Starting from the struts 34, the coolant flows
radially inward toward the bearing mount 42, upward
through the bearing mount toward the forward bearing 44,
through the forward bearing 44, before entering the forward
web 48. The coolant is then centrifuged radially outwardly
by the web 50, before being sprayed onto the stator 32 by
spray bars to cool the windings. In view of the centrifuging
action of the rotating rotor, the coolant is pumped automati-
cally, without a requirement for a further pump. Optionally,
a pump may be provided, but the pump will generally have
a lower power than would otherwise be required. As the
coolant cycles through the components, the stator 23 and
both the bearings 44, 46 are cooled and/or lubricated.
Meanwhile, the struts 32, which are located in the down-
stream flow path of the fan 22, acts as radiators to cool the
oil. In view of the heat added to the airflow, some additional
thrust is also created.

Alternatively or in addition, direct air cooling of the stator
32 may be provided. As can be seen from FIG. 3, the webs
48, 50 are in the form of elongate spokes, such that air gaps
are provided between the spokes. The spokes may be
aerodynamically profiled to provide additional forcing, i.e.
they may act as fans. The spokes webs 48, 50 allow air from
upstream of the fan 22 to pass through the stator windings,
thereby providing an additional or alternative source of
cooling. Alternatively, the webs 48, 50 may be in the form
of solid discs, to encapsulate the motor.

It will be understood that the invention is not limited to
the embodiments above-described and various modifications
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and improvements can be made without departing from the
concepts described herein. Except where mutually exclu-
sive, any of the features may be employed separately or in
combination with any other features and the disclosure
extends to and includes all combinations and sub-combina-
tions of one or more features described herein.

For example, the motor could be of a different type, for
example a doubly wound rotor, having armature windings.

The propulsion system may comprise a cruise system
comprising located at locations other than the wings, such as
the tail or forward fuselage. Similarly, the aircraft may be of
a blended wing type, in which distinct wings and fuselage
are not provided, but rather the fuselage provides at least a
portion of the list. Different numbers of vertical and cruise
propulsors may be provided.

The invention claimed is:
1. An aircraft propulsion system comprising:
a vertical lift propulsor mounted within a wing of the
aircraft;
wherein the vertical propulsor comprises an electric motor
comprising a rotor mounted to a plurality of propulsor
blades, the motor further comprising a stator; and
wherein
the rotor is provided radially outwardly of the stator,
wherein the propulsion system comprise one or more
struts which each extend between the wing and the
electric motor stator,
wherein the struts comprise liquid cooling channels which
communicate with liquid cooling channels of the stator.
2. A propulsion system according to claim 1, wherein the
motor comprises a permanent magnet motor in which the
rotor comprises a plurality of permanent magnets.
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3. A propulsion system according to claim 1, wherein the
stator is liquid cooled.

4. A propulsion system according to claim 1, wherein the
struts are located downstream of the propulsor blades.

5. A propulsion system according to claim 1, wherein the
propulsor blades are mounted to the electric motor rotor by
an annular disc.

6. A propulsion system according to claim 2, wherein the
rotor permanent magnets are mounted to a radially inner side
of the annular disc.

7. An aircraft propulsion system comprising:

a vertical lift propulsor mounted within a wing of the

aircraft;

wherein the vertical propulsor comprises an electric motor

comprising a rotor mounted to a plurality of propulsor
blades, the motor further comprising a stator; and
wherein

the rotor is provided radially outwardly of the stator,

wherein the propulsion system comprises a central static

bearing mount,

wherein the central static bearing mount extends through

a centre of the stator, between an axially upper face and
an axially lower face of the stator,

wherein the central static bearing mount mounts a bear-

ing, and the propulsion system comprises a radially
extending web which extends between the motor rotor
and the bearing,

wherein the bearing mount comprises a liquid cooling

channel in fluid communication with liquid cooling
channels of one or more radially extending web.

8. An aircraft comprising a propulsion system according
to claim 1.



